Introduction
============

Background
----------

Research demonstrates that family processes in daily routines and settings have significant impacts on children's development and well-being \[[@ref1]-[@ref4]\]. The feelings, actions, and interpersonal interactions of individuals are structured by daily routines that influence the household and family. Thus, family routines provide a bridge between individual and systemic levels of the multilevel family system \[[@ref3],[@ref4]\]. Key factors in daily family routines include parent-child communication and family interactions. Lack of parent-child communication has been associated with low life satisfaction for adolescents \[[@ref5],[@ref6]\]. In contrast, parent-child conflict and perceived lack of support have been associated with negative psychological, social, and health risks for children (ie, depression) \[[@ref7],[@ref8]\]. Conversely, positive family interactions have been linked to decreases in internalizing emotional distress \[[@ref9],[@ref10]\]. Emotional states such as affect, conflict, and stress can also be transmitted between parents and their children \[[@ref9],[@ref11],[@ref12]\]. Family stress can also negatively impact peer relationships of adolescents and school domains \[[@ref13]\]. Fostering positive interactions, communication, support, and conflict resolution within families may better protect families from maladaptive outcomes such as depression, behavioral and school problems, lower self-esteem, and poor social skills \[[@ref8]\].

Engaging families in therapeutic activities addressing family processes in real time during daily routines is a persistent challenge in interventions and research \[[@ref14]\]. The broad proliferation of mobile phones creates novel opportunities for interventions and research modalities that are integrated into daily routines and are widely scalable. Self-monitoring is one strategy that can be easily implemented via smartphones. Early research on self-monitoring recognized reactivity to self-assessments as a means to support self-regulation and behavior change through feedback and goal-setting processes \[[@ref15]-[@ref18]\]. One form of self-monitoring is daily diaries and ecological momentary assessment (EMA). EMAs are repeated self-reports conducted multiple times throughout a day to assess behaviors, attitudes, states, and experiences in real time, in the natural environments of subjects \[[@ref19]\]. EMA has greater ecological validity, fewer recall biases compared with observational or global questionnaire methods, and the capacity to elucidate within- and between-person processes and temporal dynamics \[[@ref19]\]. For example, utilizing EMA in family interventions can allow researchers to examine the relationships between intrapersonal processes (ie, mood), interpersonal processes (ie, supportive or hostile exchanges), and broad family-level contexts (ie, family conflict, cohesion) that may address more complex and nuanced questions about sequential processes that influence behavior and affect in the daily lives of individuals \[[@ref20]\].

EMA and diary methods have been used to study family experience in daily routines across multiple domains such as parent-child interactions \[[@ref8]\], family relationships \[[@ref21]\], family conflict \[[@ref13]\], and stress \[[@ref10],[@ref22]\]. Notably, the intensive nature of daily diaries and EMA may result in reactivity (ie, changes in awareness and behavior, particularly in populations motivated to change \[[@ref19],[@ref23]\]). This is a methodological nuisance of basic behavioral research but presents a potential opportunity for self-monitoring as an ecological momentary intervention \[[@ref23]\]. The little research done previously on reactivity has favored minimizing reactivity and its related effects \[[@ref19]\], including in family research \[[@ref24]\]. In general, EMA and diary research does not address reactivity routinely or robustly \[[@ref23]\]. Most important to family research, EMA allows for real-time collection of data from multiple informants (ie, multiple family members) who often share the same natural environments, while also experiencing similar *events* (ie, family meals, arguments) \[[@ref20]\]. Using EMA as an assessment tool in families allows different perceptions of the same experiences and the ability to identify discrepancies in perception.

Objectives
----------

This paper examines the user experiences of families on feasibility, acceptability, and perceived benefits of self-monitoring and reactivity to smartphone EMA and daily diaries for assessment, self-monitoring, and as a potential tool for intervention to seed and support behavior change.

Methods
=======

Sample and Recruitment
----------------------

This study enrolled 36 participants across 15 families consisting of 15 children in 9 family dyads (all mother and child) and 6 family triads (mother, father, and child). The child participants included 6 boys and 9 girls aged between 10 and 14 years. Participants were recruited through a family wellness center's e-mail newsletter and website. The family wellness centers, funded by the Robert Wood Johnson Foundation, provided social and emotional learning and physical activities in a metropolitan US community at a shopping area marketplace-based site (average income of US \$67,000), and at a middle school located in a low-income neighborhood (average income of US \$27,000) serving primarily Central American and Korean immigrant populations. Over one-third (n=6) of participant families came from the low-income site, 5 of which were Latino. Only 1 family from the middle-income site was Latino, whereas the rest were white, Asian, or African American. Prospective participants were informed that this was a pilot study to develop and test a smartphone app designed to enrich our understanding of ways to improve daily family routines and well-being.

Families who called the study contact were screened for the following eligibility criteria: parent and child coresided for some portion of the 2-week study period, at least one parent agreed to participate, the child was aged 10 to 14 years and gave assent to participate, and participants were fluent in English. Families with multiple children had the option to enroll again to participate with another child in the family (2 families exercised this option). Participants signed informed consent forms according to the university's institutional review board--approved protocols.

Procedures
----------

After consent at an in-person meeting, participants were issued a smartphone (Samsung Galaxy S) for the study on which they completed EMA and daily diary surveys 4 times per day for 2 weeks. The study coordinator gave participants a brief training on how to use the smartphone and a step-by-step instructional manual on how to use the smartphone app platform to complete EMA surveys. All participants were given the study coordinator's phone number in case they had questions or experienced any difficulties while using the smartphone. At the end of the EMA period, qualitative interviews lasting approximately 40 min assessed the user experiences of parents and children, reactions to using the smartphone app, the obtrusiveness of the monitoring, any technical problems they encountered, relevance and usefulness of the EMA and diary questions, and perceived effects of study participation on them and their family. The semistructured interview guide first queried for general feedback and experiences, followed by prompts for "what was useful or helpful?" then "what was not helpful, or annoying?" and finally, suggestions for changes or improvements to the protocol and app. Participants also completed web-based questionnaires on demographic characteristics and family functioning at the start and end of their study participation. Participants received gift cards valued up to US \$150 for completion of the different components of the study.

EMA and diary data were collected using Ohmage, an open-source mobile survey app supported by a web platform that supports the collection, storage, analysis, and visualization of EMA or self-monitoring data streams. Ohmage is a feature-rich and extensible platform that facilitates the collection of multidimensional, heterogeneous, and complex personal data streams. The software was programmed using time-based reminders to display question sequences and response choices on the smartphone screen. EMA survey responses were automatically timestamped, geotagged, and linked to the participant's assigned study identifier used as their login ID. Web interfaces were available for researchers to access and view participant data. The Ohmage user interface was designed based on feedback from behavioral and technology researchers focusing on group participants and end users of the system \[[@ref25]\].

Participants were prompted to respond 4 times daily to EMA/diary surveys on the following domains: parental monitoring and positive parenting, parent involvement and discipline, parent-child conflict and resolution, positive interactions and support, positive and negative affect, sleep, stress, family meals, and general child and family functioning. Although many family assessment tools are widely available to researchers, clinicians, and families, none directly measure daily routines in real time. EMA/diary domains were chosen based on systematic reviews of standardized family functioning measures \[[@ref26]-[@ref29]\], which consistently assess communication, conflict, problem solving, cohesion or bonding, affect or emotion, organization, or regulation (eg, roles, rules, leadership, monitoring, and stress; see [Table 1](#table1){ref-type="table"}). EMA/diary questions were adapted from retrospective or global self-reported family measures. Domain and measure selection decisions were also informed by their use in intervention research with high-risk adolescents and the desire to balance with domains linked to resilience and wellness. [Table 1](#table1){ref-type="table"} shows the EMA/diary domains and global/retrospective self-report measures that were adapted for EMA format. EMA/diary question contents are available as [Multimedia Appendices 1](#app1){ref-type="supplementary-material"}-[3](#app3){ref-type="supplementary-material"}.

The timing of the EMA vibration/ring prompts was scheduled by the participants and the study coordinator at times convenient for their individual schedules as follows: (1) morning upon awakening, (2) before school/work, (3) between the end of the school or work day and dinner, and (4) before bedtime. Upon hearing the reminder, participants were instructed to stop their current activity and complete a short (less than 5 min) EMA. Families received 1 phone call on the third day of the EMA period from the study coordinator to inquire about technical problems with the smartphone and app and answer any other study questions.

###### 

Smartphone ecological momentary assessment and daily diary measures, sources, and schedule.

  Domains                                          Measures and sources (parent and child, unless noted)                                                Schedule
  ------------------------------------------------ ---------------------------------------------------------------------------------------------------- -----------------------------------
  Sleep                                            Number of hours and subjective quality (1=very poor, 5=very well)                                    Wake-up only
  Stress                                           Single rating of current stress level (1=not, 5=very)                                                All
  Affect and mood                                  Positive and negative affect schedule \[[@ref30]\] and personal affect measure \[[@ref31]\]          All
  Monitoring/positive parenting                    Stattin and Kerr parental monitoring questionnaire \[[@ref32],[@ref33]\]                             3 × (not wake-up)
  Parent involvement and inconsistent discipline   Alabama parenting questionnaire \[[@ref34],[@ref35]\]                                                3 × (not wake-up)
  Parent-child conflict                            Issues checklist \[[@ref36],[@ref37]\] and network of relationships inventory (child) \[[@ref38]\]   3 × (not wake-up) end of day only
  Conflict resolution                              Conflict tactics scale, resolution subscale \[[@ref39]\]                                             3 × (not wake-up)
  Positive interactions                            Network of relationship inventory, companionship subscale \[[@ref40]\]                               End of day only
  Family meals                                     Who do you eat with and doing other activities?                                                      End of day only
  Overall functioning                              Outcome rating scale and child outcome rating scale \[[@ref41]\]                                     End of day only

Data Analysis
-------------

Descriptive analyses for demographic characteristics were conducted using simple frequency distribution statistics in Stata 15.1 (StataCorp). The qualitative user-experience interviews were audio recorded and transcribed verbatim. Of the 36 participants, 31 had audio recorded interviews available for transcription (5 audio files were inadvertently erased before transcription), and transcripts were redacted to remove personal identifying information and uploaded to the Dedoose web-based mixed methods analysis platform (version 4.5.91, Sociocultural Research Consultants 2013). A grounded theory inductive approach was used to code the data to identify key themes that emerged from the data \[[@ref42],[@ref43]\]. The coding scheme was developed by the lead anthropologist with 2 research assistants. The research assistants engaged in initial discussion around substantive codes emerging from the data and analytic categories that evolved into tangible themes; the generated codes were organized into broader, more conceptual themes. The lead anthropologist reviewed all themes identified by the research assistants for the discrepant cases. The codes were shared with the research team and revised over several iterations. Codes and excerpts were retained for analysis when there was agreement between the coders and authors.

Results
=======

Children were on average aged 12 years (SD 1.44), mothers were 46.25 years (SD 3.81), and fathers were 40.33 years (SD 3.51). Approximately half were white (n=20), one-third were Latino (n=11), 9% (3/35) were Asian, and 3% (1/35) were black. [Tables 2](#table2){ref-type="table"} and [3](#table3){ref-type="table"} present more demographic results for children and parents, respectively. Response rates were high overall, including some participants who completed more EMAs than scheduled (prompted), either by reporting for more than 14 days or reporting more on some days to compensate for missed EMAs (typically for the previous day). Overall, the response rate excluding more than 4 EMAs in a day and more than fourteen days of reporting (ie, the on-time and per protocol response rate) was 96.2% (1941/2016), with children slightly lower at 95.1% (799/840) and parents slightly higher at 97.1% (1142/1176). Overall, 69% (25/36) of the participants had 100% or greater response rates; 60% of the children and 76% of the parents. The lowest response rate among children was 70% (39/56) and 79% (44/56) among parents. A total of 6 parents and 3 children responded for 16 to 19 days. In terms of missed EMAs, children tended to miss the morning and noontime EMAs, whereas parents tended to miss the late afternoon/early evening EMAs followed by the morning EMAs.

Qualitative results from the analysis of user-experience interviews are presented below based on 2 broad code themes and several subthemes that emerged from the data. The first broad code theme was feasibility, acceptability, and suggestions for the future, with the subcodes desire for feedback, seasonality, technical problems/challenges, survey burden, timing and frequency (weekends and duration), and global/recall web surveys. The second broad code theme was self-reflection, awareness, and seeds of change, with the subcodes decision making, parental monitoring, quality and quantity of time spent together, communication, self-regulation of stress and conflict, discipline, rewards and punishments, and sleep.

###### 

Demographic characteristics of children at baseline (N=15).

  ----------------------------------------------------------------
  Characteristic    Participants, n (%)                  
  ----------------- ------------------------------------ ---------
  **Age (years)**                                        

  \                 10                                   3 (20)

  \                 11                                   2 (13)

  \                 12                                   4 (27)

  \                 13                                   3 (20)

  \                 14                                   3 (20)

  **Grade**                                              

  \                 4                                    1 (7)

  \                 5                                    2 (13)

  \                 6                                    2 (13)

  \                 7                                    4 (27)

  \                 8                                    2 (13)

  \                 9                                    4 (27)

  **Ethnicity**                                          

  \                 White                                10 (67)

  \                 Latino or Hispanic                   4 (27)

  \                 Black or African American            0 (0)

  \                 American Indian or Native American   0 (0)

  \                 Asian or Pacific Islander            2 (13)

  \                 Other                                0 (0)
  ----------------------------------------------------------------

###### 

Demographic characteristics of parents at baseline (N=20).

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristic                                                                                                Participants                           
  ------------------------------------------------------------------------------------------------------------- -------------------------------------- ------------
  **Age (years), mean (range)**                                                                                                                        

  \                                                                                                             Informed                               45 (37-50)

  \                                                                                                             Missing                                10 (50)

  **Gender, n (%)**                                                                                                                                    

  \                                                                                                             Female                                 14 (70)

  \                                                                                                             Male                                   6 (30)

  **Marital status, n (%)**                                                                                                                            

  \                                                                                                             Married                                18 (90)

  \                                                                                                             Separated                              1 (5)

  \                                                                                                             Living with a partner                  1 (5)

  **Ethnicity, n (%)**                                                                                                                                 

  \                                                                                                             White                                  10 (50)

  \                                                                                                             Latino or Hispanic                     7 (35)

  \                                                                                                             Black or African-American              1 (5)

  \                                                                                                             Asian or Pacific Islander              2 (10)

  **Highest level of education, n (%)**                                                                                                                

  \                                                                                                             11th grade                             1 (5)

  \                                                                                                             12th grade                             2 (10)

  \                                                                                                             1-year trade, college, or university   1 (5)

  \                                                                                                             3-year trade, college, or university   2 (10)

  \                                                                                                             4-year trade, college, or university   4 (20)

  \                                                                                                             Graduate education                     9 (45)

  **Total family income (before taxes or other deductions; US \$), n (%)**                                                                             

  \                                                                                                             10,000 to 29,999                       2 (10)

  \                                                                                                             30,000 to 49,999                       2 (10)

  \                                                                                                             50,000 to 69,999                       4 (20)

  \                                                                                                             70,000 to 89,999                       1 (5)

  \                                                                                                             90,000 to 99,999                       1 (5)

  \                                                                                                             100,000 and over                       8 (40)

  \                                                                                                             Missing                                2 (10)

  **How difficult is it for you to live on your total household income right now?, n (%)**                                                             

  \                                                                                                             Not at all difficult                   9 (45)

  \                                                                                                             A little difficult                     6 (30)

  \                                                                                                             Somewhat difficult                     3 (15)

  \                                                                                                             Very difficult                         2 (10)

  **Do you have a spouse or partner with whom you share parenting responsibilities (for this child)?, n (%)**                                          

  \                                                                                                             Yes                                    19 (95)

  \                                                                                                             No                                     0 (0)

  \                                                                                                             Missing                                1 (5)
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------

Feasibility, Acceptability, and Suggestions for the Future
----------------------------------------------------------

Participants found the smartphone self-monitoring feasible and acceptable and provided feedback for changes and improvements. Most participants reported enjoying their participation in the study:

> Oh, it was, it was a really nice experience... it's like not every day you can talk to somebody about all the stuff they ask you in the app, in the surveys. Yeah... it was kind of a little fun to do 'cause I was like okay, just waiting to do it, you know? I've \[sic\] taken another kind of like testy thing. I always liked taking them and I hardly took 'em, so this was like, "Finally. Yay! I can do another one."
>
> male child (14 years), family 5

The same participant also noted the convenience of smartphone surveys in comparison to web-based surveys on a computer:

> I think it's better, kind of, to take the phone surveys because it's kind of way more convenient for people that are busy, 'cause they're shorter and you can take 'em wherever, anywhere you go. ...Web surveys, you have to be on a computer, and you have to have time. And, so it may not be useful or good for people with a busy schedule.
>
> male child, 14 years, family 5

Technical Problems and Challenges
---------------------------------

Participants reported a few minor technical problems associated with the mobile phone, such as slow uploading of data or having to power the phone off and on to upload data. Some participants reported problems with the app freezing or force closing when they were trying to complete a survey. A few participants reported that they were not receiving reminders (alarms) to complete the surveys after a period.

Seasonality
-----------

Some participants noted that the survey questions needed to be geared toward the time of year. For example, for a number of participants who participated during the summer school break, questions about school and homework were inappropriate:

> There were parts that didn't seem to apply because it seemed like the survey was sort of designed to assess children when they're in school. So, since it's summer, sometimes, you know, the questions didn't seem to apply, and then particularly with the, the final assessment, there was a lot of stuff about school. So, some things we didn't know how to respond to...
>
> mother, family 6

Survey Burden: Timing and Frequency
-----------------------------------

With regard to the smartphone EMA, 10 participants reported finding the end of day bedtime survey burdensome because it was long, and several noted being tired:

> The only thing that I would say is, I thought the evening one was really long. And, I think that the evening one should have been short. I think the length should have switched...\[the\] afternoon could have been the longer one, and the evening one could have been shorter, because I... I took it at like ten or whatever, and I was already really tired and I didn't really want to take a really long survey.
>
> male child, 13 years, family 8

Some noted the value of the longer end of the day survey. For example, one mother noted the end of the day survey allowed her to reflect on her day:

> Yeah, I mean, obviously, the last one of the day was longer, so that was the only thing. Like if I wasn't taking it at a decent hour, and I was super tired... that was the only, the only thing about that. But, I mean, I think that's when you have to have the long one because that's when you're really reflecting on everything that happened that day.
>
> mother, family 8

Some participants also felt that there were just too many surveys to do each day:

> Well, I think having to answer four times a day was too much. I would have preferred like breakfast, lunch and dinner. The wake up and the, you know, so that was a little annoying, just a little bit. And then, after so many days, it was like, "Oh my God. Did I do this?"
>
> mother, family 5

Some participants noted the value of multiple surveys over the course of the day for transient states as a means of checking in and reflecting:

> I think it was good timing 'cause, you know, in the morning, when you wake up, you have a different mood, and then in the afternoon, you have a different, and then you have different like every two hours or three.
>
> female child, 12 years, family 13

Weekends
--------

A few participants noted that it was difficult to complete surveys on weekends when daily activities and schedules are less routine:

> I know that some days, it was more of a challenge to complete them kind of in the actual set time, especially on the weekends is really hard because by not being sort of on that same schedule.
>
> mother, family 1

Duration
--------

Most participants found the 2-week study period a good time period:

> No, I think that's perfect \[two weeks\]. I think that was really, that was really good. It, it was just long enough to where it became a habit and you're makin' sure you aren't forgetting it. And then, but then towards the, near the end, you can just tell for, lookin' forward to just bein' finished 'cause it does become a burden...
>
> father, family 1

However, a few participants suggested a longer duration, particularly to support behavior change:

> I, to be honest with you, I found myself wanting to continue....Two weeks would be a minimum. A month would be a maximum. You know, for me in my imaginary world - three weeks would be ideal, just because it, it gives you that, that first week - it was more about, "Hey," at least for me, it was like, "Okay. Let's just follow the behavior." The second week, it was like, "Okay. How am I gonna improve the behavior." But now, I don't have a chance to see if, to implement it, and to see how, how it's going. So, I was like, "Hey, okay. We have to give the phones back, alright." (laughter) So, that, that left, that left me wanting more.
>
> mother, family 2

> Probably about a week longer, but any more than that, I think it would have gotten like really repetitive and the answers would have all been the same.
>
> female child, 13 years, family 7

Desire for Feedback
-------------------

Participants noted that they would have liked the feedback from their participation in the study to know the findings from the survey and how these could help them and their families improve their relationships. Parents were very interested in getting more feedback from the study to improve their parenting skills and strategies. For example:

> I think, eventually, if this was gonna be something more, intervention oriented, it would be interesting, that kind of assessment, even if it's something like, sort of the average, an average for the family and, and how that changes depending on, sleep or, I don't know. Changes in communication. I'm kind of more interested in just our overall picture as a family. And, where we need to improve...and I could sort of pick up on that based on the things that we were being asked.
>
> mother, family 6

Self-Reflection, Awareness, and Seeds of Change
-----------------------------------------------

Over 80% (25/31) of the participants reported increased awareness of their relationship dynamics with their child/parent, their own behavior, or their communication styles. Of the 5 participants who did not report changes in awareness of their family routines, 4 were children. For many participants, study participation provided novel opportunities to reflect on their family routines in general:

> I thought it was a very good exercise in terms of just self-reflection on things you do every day... you get on automatic pilot sometimes. You don't stop and really consider, "How, how did that go?" (laughter) So, I like that aspect because it sort of forced me to check in with myself and see how things were going.
>
> mother, family 1

> It's basically somethin' out of the ordinary, (laughter) to kind of express your feelings throughout the day. ...But, to me, it was a productive kind of thing because, when you're thinkin' about what's goin' on for the day, you were able to reply too. I thought I was just holding it in, letting it out, you know, at the end of the week or somethin'.
>
> father, family 5

One child noted increased awareness of his lack of contribution to household chores from 1 of the question prompts:

> This question in particular, "I'm not as responsible as I should be." I answered that, I'm like, "You know what? I, I think I agree with that." And, that made me feel kind of bad. So, from, from that point on I started doing, now I unload the dishwasher.
>
> male child, 12 years, family 11

These themes of reflection-seeding behavior change are represented throughout participants' feedback on their experiences in more specific domains (described below).

Decision Making
---------------

Several parents reflected on decision making in the family as a result of self-monitoring. For example, 1 noted:

> Well, it made me think about how we decide is this something we're gonna give \[daughter\] input into? Or, is this something we just decide because, you know, we're the parents? It kind of made me think, sometimes do we give her too much input? (laughter)
>
> mother, family 10

> I see. You were becoming aware of how family decisions were...?
>
> interviewer

> Yeah, how family decisions were made I really wish my husband could have taken it. It would be good for him too. And, it was just kind of interesting to think about...
>
> mother, family 10

Parental Monitoring
-------------------

Children, in particular, described increased awareness of parental monitoring. For example, 1 child noted:

> I realized my mom stays out of my life and I stay out of hers. (laughter)... 'Cause, I don't, I tell my mom some things....And, she never really asks what I'm doing. Like she, she pretty much knows like "he was outside," or "he was on the computer." She doesn't know specifically what I'm doing, but she's always got a vague idea, so....I think that's what I realized the most...some of the different questions like, "Did your parent know where you were at night?" ...It made me realize, yeah, she pretty much always knows where I am, even when I'm not using my phone. So, I'm like, "I guess we are pretty connected."
>
> male child, 12 years, family 11

Quality and Quantity of Time Spent Together
-------------------------------------------

Participants reflected that the quantity and quality of time spent together were both important. One parent reported becoming aware of how seldom her family ate together:

> It makes you think about stuff. Like, are we talking? Are we eating together? And, it's kind of embarrassing like, "Ugh," we eat alone, or so and so ate with so and so. You know? That was cool for us as a family to think, "Oh my gosh. We don't eat together."
>
> mother, family 5

In addition to self-reflective functions, families noted how EMA/diary self-monitoring helped them to be more accountable or consistent with their values or goals for their families. For example, 2 parents indicated an element of accountability from self-monitoring in regard to time with family:

> The process and the idea behind it, I thought was actually really good, 'cause it helps you be more conscious about spending time with your child and in, especially 'cause you know you're gonna be reporting it later, so you want to make sure you have some good things to put in there, as opposed to bad. So, I think it helps people be conscious of that relationship.
>
> father, family 1

This father noted how the anticipation of reporting influenced his behavior. One mother noted more direct reminder functions:

> But... it does make you think that maybe you should... just be more in touch, communicate more. You know, one thing that struck me was... the leisure time, spending fun time with your child...I'm working full-time, I'm not gonna have that, but on the weekend, you know? ... I think it does sort of, at least for me, remind me that I do need to spend fun time with my child....
>
> mother, family 6

Her daughter also noted becoming aware of needing to spend more time with her parents and considering a change in her routine:

> I'd think back on like how I reacted to some things or the interaction I had with my parents. Like maybe I should be out in the house more, not in my room.
>
> female child, 14 years, family 6

Communication
-------------

Participants noted reflection, awareness, and some changes in patterns of communication in the family, including themes of limited time, positive or negative tone, praise or critique, and openness. For example, a mother stated:

> I liked it \[self-monitoring app\]. It actually made me more aware of how my daughter and I communicate, and when we communicate.
>
> mother, family 10

Another mother noted how she became aware of how little she communicated with her child:

> But, in terms of the way I interact with my son, it was good because I didn't realize how little I actually communicated with him. So, in some ways, I felt good about myself because I felt like, "Oh, well, I think I really trust my son because I don't feel a need to constantly see what he's doing or talk to him." But then on the other hand, I thought, "Wow, two weeks has gone by and, really, we didn't make time to talk." So, it just made me a lot more aware.
>
> mother, family 11

The son in this family also noted reactivity to self-monitoring and becoming aware of limited communication with his mother and that most often it involved giving him instructions:

> I realized, I don't spend that much time communicating with her. Like it'll be like 10 minutes here, 20 minutes there, a minute there. Usually, it's just we talk for a second and say like, "You gotta do this." I'm like, "Okay." And then I go do that, and that's pretty much it.
>
> male child, 12 years, family 11

Other families noted that self-monitoring reactivity led to more frequent communication:

> I ended up speaking more to them - to my wife and my, my son, my other son too. Trying to eat dinner with them, trying to make more family time, you know?
>
> father, family 5

A few participants noted increased awareness of needing to focus on positive communication and not just negative issues, and making changes based on this awareness:

> I don't think that either S. \[father\] or I are big complimenters and,...it tends to run more negatively, which I think when you really think about it, you go, "Oh, that's not, that's not really how I want to be, and that's not how I feel, really." It's just trying to keep him afloat and making progress all the time, that you sort of get in these grooves. And so, I do think it was helpful, like I tried to... compliment him when he did something well.
>
> mother, family 8

One father noted how the EMA questions also functioned as reminders for him:

> I guess you don't always tell your kids that they're doin' a good job. Like I, after the surveys, I started makin' a point to tell him he was doin' a good job. (laughter) So, I guess that that's probably a good thing that the surveys tell you, is to remind you to remind, to let your kids know when they're doing well or not.
>
> father, family 1

Another parent noted how reactivity to self-monitoring functioned by modeling questions that deepen levels of communication with her son around the domains assessed:

> So, there is that element of both of us are doing these surveys and then, for me, part of it was, "Okay, I want to start asking you these questions since I don't really ask you these questions." So, I would actually ask him more about the ins and outs of his day more, and then he would talk to me more about it 'cause I was asking him for this information. ...So, in a way, I was getting more information from him, and we were discussing more between the two of us than we would, normally, if I wasn't doing the survey.
>
> mother, family 3

Similarly, her son reflected that their improved communication made him feel closer to his parent:

> I enjoyed getting closer to my mom throughout the study because she'd always ask me questions that she wouldn't really normally ask me, and we got a little closer through that.
>
> male child, 13 years, family 3

Self-Regulation of Stress and Conflict
--------------------------------------

EMA self-monitoring was also reported to support the self-regulation of stress and staying calm, including during conflicts and their resolution. For example, 1 parent noted that self-monitoring helped her focus on trying to stay calm when interacting with her child:

> Well, I tried to become more of being calm (laughter) and not yelling. And, that was really it. ...I mean, obviously, if you're tired or you're, somethin' else is going on, it's hard to do that. But, when I was in a relaxed state, it made me mindful of, "Okay, when she does something that annoys you, just be calm about it, and try and work through it." It doesn't always happen. But, it did make me more cognizant to try and just be more patient and talk with her - depending on what it was.
>
> mother, family 10

Similarly, a child noted that self-monitoring helped her and her mother identify what was making them angry and enabled them to resolve conflict:

> When my mom and I would argue, and we would put it down \[in the app\], ...we were like, "oh, we're actually mad about something," and then we would start thinking about like...Actually think about what happened....and then we would talk and apologize.
>
> female child, 12 years, family 2

> And then you would talk and apologize. Is that something you did before?
>
> interviewer

> Not really because we wouldn't think about it, we'd just get mad (laughter).
>
> female child, 12 years, family 2

One child became aware that she could not remember why she was angry with her parent:

> I think before I took the survey, I just wouldn't think about why I was mad at her. I'd just be so mad. But then when I sat down and took the survey, and it was sayin' what was it about - I was like, "Wait. I don't even remember, anymore, what it was about."
>
> female child, 10 years, family 9

One mother noted that the EMA self-monitoring helped her communicate more calmly with her child when they were in conflict by reflecting on and using conflict resolution strategies represented in the EMA response options:

> Well, there's a certain question, for example, about, "Did you try to speak to your child calmly?"...The first time that I'm reading through them, I was like, "I don't know. Did I even try? (laughter) Did I just start yelling? Did I?" It...literally had me stop and, and take a step back and remember the whole scenario. You know, literally picture by picture, and break it down. And then, I caught myself, it's like, "I didn't even try." ...and so after that, it was like, "Okay, let me try to speak to her calmly. Let me try and explain, you know, why the chair is yellow, and why the sky is blue." (laughter) ....And, towards the end of these last two weeks, I wasn't trying, I was speaking to her calmly.
>
> mother, family 2

This mother also noticed her child using more positive reinforcement in her communication with a sibling, based on her initial reactivity to EMA and then her daughter modeling the behavior:

> I noticed that she started it with her sister with the, "Hey, Sophie, I, thank you for helping me do the dishes for mom." You know, something like that out of the blue. Or, she had to throw the trash out and, "Oh, Sophie - thanks for taking the trash out. I, I really appreciate that."...It was a change. It was an actual, positive change, and it was after she caught on to what I was doing.
>
> mother, family 2

Discipline, Rewards, and Punishments
------------------------------------

Although parents were generally not very comfortable talking about disciplining their children, many discussed becoming more aware of patterns of discipline or rules in their families. Some parents were more comfortable talking about rewarding or praising their children and were consciously working on improving their positive reinforcement of their children's behavior. For example, a mother spoke about becoming more aware of limits and ground rules:

> You know, and, and maybe because of the older one, she's testing limits. You know, and it's like, "Okay, but these are the ground rules. We have to establish ground rules... And yes, I can switch things around as you grow, and I can bend and lean, but, these are the ground rules and these are the consequences for these actions. And, vice versa - if you do good, you, you get good. If you do bad - you get bad." So, that's, I did it, and I hadn't even thought about that until right now that you asked me again. (laughter) But, I set them down and it's like, "Okay, you know what? Let's just be clear about that." And, I don't think I would have even thought about it if it wasn't asking me daily (laughter) about consequences and actions, and, and do I act out in anger, or if I'm tired, or you know?
>
> mother, family 2

This mother also noted how reactivity to the EMA question and response content influenced her parenting behaviors. Another parent reported:

> About the \[questions\], what happened when she did a good job or behaved well this morning? ...About half-way through the week, I realized that, I guess I'm really hugging and kissing her when I'm feeling like she behaved well, but I'm not hugging and kissing her and saying, "Oh, you did such a good job."
>
> mother, family 9

In this example, reactivity to self-monitoring resulted in moving away from awareness to changing her behavior to more actively reinforce her child's good behavior.

Sleep
-----

Finally, both children and parents noted that the study made them realize the importance of sleep in their daily routines and self-monitoring:

> It helped me 'cause it, with the questions...on the wake up, like how many hours of sleep, and I'd be tired, and I'd look at the time,\...and then I'd be like, "Oh, I only got like seven hours." And then the day where I'd wake up better, I'd be like, "Oh, I had nine hours," so that's better for me.
>
> male child, 14 years, family 5

Another parent gave an example of reflecting on the potential relationship between family conflict and sleep:

> Like was there more conflict when I was sleep deprived? (laughter)
>
> mother, family 1

In this example, self-monitoring reactivity first resulted in a strong awareness of sleep and functioning. One mother noted how responding to sleep questions seeded motivation:

> I thought the sleep one was a very good question, 'cause then when I would answer it, I thought, "Ooh, yeah. I better get some more sleep."
>
> mother, family 11

Overall, these results demonstrate how reactivity to EMA self-monitoring typically begins with increased awareness of behavior, followed by associations with antecedents or consequences. Then, some participants experienced motivation to change, with behavior changes supported by reminder functions of EMA prompts (alarms), accountability to subsequent reporting, and tracking of goal progress and outcomes.

Discussion
==========

Principal Findings
------------------

The results of this study support the high feasibility and acceptability of using a smartphone EMA by young adolescents and parents for assessing and self-monitoring family daily routines and interactions over 2 weeks, as evidenced by high response rates of 95% and greater and in user-experience interviews. Some participants suggested that a third or fourth week of self-monitoring would further enhance the behavioral changes that they initiated. Some participants also reported preferring fewer surveys each day and fewer questions, particularly when considering a longer duration of self-monitoring beyond 2 to 3 weeks.

Our findings also suggest that smartphone self-monitoring may be a useful tool to support improvement in family functioning through functions of reflection on antecedents and consequences of situations, prompting positive and negative alternatives, seeding goals, and reinforcement by self-tracking for self-correction and self-rewards. These functions are core elements of self-regulation \[[@ref14]-[@ref17]\], which may now be enhanced by smartphone integration into daily routines. Reactivity in self-monitoring has been documented for a wide range of clinically relevant behaviors and may make an adjunctive contribution to intervention efforts \[[@ref44]\]. The portability and convenience of smartphone integration into daily routines is creating novel opportunities to reinvigorate research on self-monitoring. Participants in this study reported increased awareness of their family routines, and many also reported behavioral changes in terms of decision making, parental monitoring, quantity and quality of time together, communication, self-regulation of stress and conflict, discipline, and sleep.

Our primary findings also suggest there was a potential indication of ethnic and/or income differences among parents in discussing discipline, rewards, and punishments that may warrant further exploration in future research. However, the small sample size does not warrant inferences as a primary result. White parents, from the higher-income site, seemed to be more comfortable discussing parenting practices with an emphasis on rewards and expectations and de-emphasizing punishments or negative reinforcements. Latino parents, from the low-income site, were more inclined to focus on parenting as a *job* to keep their children *safe* and seemed to be more comfortable discussing consequences or negative reinforcements. Some research has conceptualized that parenting practices and discipline may be moderated by the interaction of parental beliefs and ethnicity \[[@ref45]\]. However, the small sample and recruitment sites confound not only ethnicity and income but also neighborhood safety, as the low-income neighborhood is noted for gang violence.

Limitations
-----------

This pilot study had several notable limitations. First, the sample size was small in terms of the number of families. Nonetheless, the overall number of participants is typical and acceptable for a qualitatively focused pilot study focused on user experience and feedback, and saturation of themes was achieved. The sample lacked representation from African American and Asian-American families, lower-income white families, and higher-income Latino families. Second, the family wellness center recruitment sites attracted families primed for motivation to improve their family functioning, as did the recruitment material framing the study as seeking support in developing and testing mobile apps to assess and improve family functioning. Third, our measure/domain selection reflects assumptions for successful parenting and interactions that are prevalent in family assessment tools and evidence-based interventions for risky adolescents, while also including domains reflecting resiliency. Fourth, it is important to note that the steep rise in mobile phone use among children and adolescents has also raised concerns about possible adverse effects such as addictive tendencies, depression, anxiety, sleep disruption, and cyberbullying \[[@ref46],[@ref47]\]. Fifth, the smartphone app did not employ passive monitoring of smartphone usage, which was a separate module in the Ohmage smartphone app platform and was not used for both privacy and battery power preservation concerns. Notably, the study protocol and app did have an audio-sensing module, which continuously and passively monitored and classified the audio environment for speech versus nonspeech (eg, including discrimination of background audio from televisions) in small snippets of privacy-preserving nonaudio data, but the module failed to function outside of the laboratory because of data not being transferred off the phones quickly enough through a mobile connection (as opposed to Wi-Fi in the lab), causing the phones' operating system to crash. Only the first study family had Audiosens data, and for only several days before the phones crashed. Since the time of the study in 2013, improvements in smartphone technology, memory, and wireless data speeds would now make this component more feasible, and in fact, potentially advancing classification from speech/nonspeech to emotion detection. Finally, the study was not powered for statistical analyses; the primary aims were feasibility, acceptability, user experience, and preliminary perceived efficacy of smartphone app self-monitoring for assessing and potentially improving family routines.

Future research should evaluate reactivity to EMA and diary self-monitoring as a tool to improve family routines in larger and more diverse samples of families, with statistical power to robustly examine behavioral, symptom, state, and functioning changes. Further research could also consider recruiting families coping with challenges such as chronic illnesses, substance abuse, or conduct problems. Future studies should also include longer follow-up periods to examine the sustainability of self-monitoring and decreasing burden over time and the significance of behavior changes indicated by participants in this study. Furthermore, future studies could also provide empirical and theoretical insight into how sibling relationships can serve as important contexts for individual development and family functioning. Due to participant feedback about frequency and duration of assessments, future studies using frequent assessments for highly transient states or frequent behaviors (eg, every 30 min) should be short in duration (eg, seconds to minutes) to minimize response burden over shorter assessment periods (ie, several days) \[[@ref20]\]. Conversely, daily assessments may allow for a longer duration over longer periods of time (eg, weeks to months). Finally, future research assessing family functioning should ensure that assessments are adequately collecting data during times or situations of interest to families \[[@ref20]\]. For example, if a study examines parent-child interactions, assessments should only occur when parents and children are together, such as mornings, evenings, and weekends (eg, not when at school/work). Future studies should include larger samples with more diverse and higher-risk populations, longer study durations, the inclusion of passive phone sensors and peripheral biometric devices, and integration with counseling and parenting interventions and programs.

Conclusions
-----------

Due to the increasing ease of implementing EMA and diary self-monitoring via smartphones, practitioners may reconsider using smartphones to enhance psychotherapy, parenting programs, and other counseling modalities. Conversely, researchers using EMA and diaries should examine reactivity more consistently and robustly. Real-time data visualization tools (eg, time trends, correlations, and maps) hold the potential to make self-monitoring more salient and actionable through use in counseling sessions for problem solving, feedback, praise, and goal refinement. Machine learning algorithms also hold promise for detecting patterns and anticipating change points to trigger automated in-the-moment or *just-in-time* interventions. Further research is needed on self-monitoring as a purely self-directed intervention activity and the potential for enhancing therapeutic relationships.
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